Abstract W-doped ZnO nanocomposite was easily prepared by sol-gel method. The sample was characterized using a variety of techniques including X-ray diffraction, scanning electron microscopy, transmission electron microscopy, inductively coupled plasma and BET surface area measurement. This reagent can be used as an efficient and heterogeneous catalyst for the preparation of 1, 8-dioxo-octahydroxanthenes from aldehydes in ethanol under mild conditions. The structures of the products were characterized by their physical constants, comparison with authentic samples and IR, 1 H NMR and 13 C NMR spectroscopy. Easy preparation of the catalyst, mild reaction conditions, easy workup procedure, excellent yields and short reaction times are some advantages of this work. In addition, in this article and for the first time the preparation of 1, 8-dioxo-octahydroxanthenes from the protected derivatives of aldehydes including oximes, semicarbazones and 1,1-diacetates is reported.
intermediates for the preparation of nitriles [22] [23] [24] , nitrones [25] , amines [26] , amides [27] , isoxazoles [28] and chiral a-sulfinyl oximes [29] . Because of their remarkable stability to neutral and basic conditions [30, 31] , acylals (1,1-diacetates) have been introduced as the other suitable protection group for aldehydes. In addition, they can be converted into other useful functional groups by reaction with appropriate nucleophiles [32] and used as carbonyl surrogates for asymmetric synthesis [33] . 1,1-Diacetates, on the other hand, are ambient substrates containing two types of reactive carbon centers, the carbon atom of the protected aldehyde function and the carbonyl group in the ester moieties [34] . To the best of our knowledge and in spite of the above-mentioned important applicabilities of oximes, semicarbazones and acylals, there is no report about the preparation of biscoumarins using these types of substrates.
In recent years and because of the unique properties of nanoparticles, synthetic chemists have focused on the synthesis and characterization of these types of catalysts with lower dimensions named as nanocatalysts [35] . Among these types of catalysts, nano metal oxides are widely used in organic reactions, of which zinc oxide as a solid acid catalyst has found considerable applications in different types of important organic transformations [36] [37] [38] [39] [40] [41] [42] [43] [44] . To improve the photocatalytic activity of ZnO, many dopant ions (metals and transition metals) were doped into ZnO [45] [46] [47] [48] [49] [50] . In 2008, nanosized W-doped TiO 2 photocatalysts were synthesized and used for the oxidation degradation of methyl orange by Tian et al. [51] . The results showed that the photocatalytic activity of W-doped TiO 2 was much higher than that of the undoped TiO 2 . They believed that the enhanced photocatalytic efficiency of the W-doped TiO 2 can be attributed to the presence of surface acidity. In other words, this catalyst exhibits surface acidity due to the presence of Lewis and Bronsted acidic sites related to W species. In 2013 and on the basis of Ma's report, Moafi et al. [52] showed that doping of ZnO with 4 % mol of tungsten, in the same manner, can improve the photocatalytic activity of this reagent in the photodegradation of methylene blue.
On the basis of this report, we anticipate that W-doped ZnO nanocomposite can be used as an efficient solid acid catalyst for the speed-up of the reactions which need the use of an acidic catalyst. So, we were interested to investigate the applicability of this reagent in the promotion of the synthesis of 1, 8-dioxo-octahydroxanthenes. Our initial studies clarified that to obtain the best results, the amounts of tungsten should be enhanced to 8 mol%. Therefore, we prepared, identified and applied the % 8 mol W-doped ZnO nano composite in the promotion of the requested reactions.
Methods

General
All chemicals were purchased from Merck, Aldrich and Fluka Chemical Companies and used without further purification. Products were characterized by their physical constants and comparison with authentic samples. The purity determination of the substrates and reaction monitoring were accompanied by TLC using silica gel SIL G/UV 254 plates.
To investigate the morphology of the W-doped sample scanning electron microscopy (SEM) images were obtained on a Philips, XL30. The particles sizes were obtained by transmission electron microscope (TEM) images on a Philips CM10 instrument with an accelerating voltage of 100 kV. Elemental analyses of the samples were carried out by ICP-OES. Measurements were made on an ICP-OES Vista-Pro (Varian) after dissolution of the samples in an HNO 3 :HF:H 2 O mixture.
The BET specific surface areas of the synthesized nanocomposite were determined by nitrogen adsorption at liquid nitrogen temperature on a Sibata SA-1100 surface area analyzer. X-ray diffraction measurements were recorded by a Philips PW1840 diffractometer with Cu-Ka radiation, scan rate 0.02 2h/s and within a range of 2h of 10°-80°at room temperature.
The IR spectra were recorded on a Perkin Elmer 781 Spectrophotometer. In all the cases, the 1 H NMR spectra were recorded with Bruker Avance 300, 400 and 500 MHz instruments. All chemical shifts are quoted in parts per million (ppm) relative to TMS using deuterated solvent. The 13 C NMR data were collected on Bruker Avance 100 MHz instrument. Melting points were recorded on a Büchi B-545 apparatus in open capillary tubes.
Catalyst preparation
The W-doped ZnO nanocomposite was prepared by sol-gel method using the precursors of zinc and tungsten [52] . Zinc acetate dihydrate [Zn(Ac) 2 .2H 2 O] was used as a zinc oxide source. In a typical procedure, 0.02 mol of zinc acetate dihydrate was dissolved in 50 mL of methanol and heated at 50°C with stirring for half an hour. Then, certain amounts of sodium tungstate (8 mol% with respect to zinc acetate dihydrate) was dissolved in a mixture of water/ methanol [10 mL (2:8)] under vigorous stirring and then the solution was added dropwise into the mixture of zinc acetate dihydrate and methanol, thus making precursor solution A. Afterward, 0.04 mol of sodium hydroxide was dissolved in 50 mL of methanol and heated at 50°C with stirring for 1 h, making precursor solution B. To make ZnO nano-sol, the solution of sodium hydroxide (solution B) was added dropwise into the solution A under constant stirring for half an hour and then the mixture was heated at 50°C for a further half an hour. Subsequently, a homogenous sol was obtained. The obtained solution was precipitated after continuous stirring for 2 h and cooling to room temperature. After 24 h, the colloidal solution was washed several times with methanol. Finally, the obtained precipitate was dried at 80°C and then calcinated at 300°C for 3 h. Similarly, 2, 4 and 6.0 mol% W-doped ZnO and undoped ZnO samples were also prepared by repeating the above procedure. The experimental results showed that the W-ZnO with 8 mol% W has the highest catalytic activity.
General procedure for the synthesis of 1, 8-dioxooctahydroxanthenes A mixture of dimedone and/or cyclohexadione (2 mmol), aldehyde and/or protected aldehyde (1 mmol) and W-ZnO (5 mg) in ethanol (3 mL) was stirred at room temperature and/or refluxing conditions for the appropriate time. After completion of the reaction [monitored by TLC: EtOAc: nhexane (2:8)], hot ethanol (2 mL) was added and the mixture was filtered to separate the catalyst. Then the crude product was recrystallized from EtOH:H 2 O (95:5) to afford the pure product.
Results and discussion
Catalyst characterization
Powder X-ray diffraction Figure 1 shows the XRD patterns of ZnO and W-doped ZnO nanocomposite. The W-doped ZnO nanocomposite showed a hexagonal wurtzite crystal structure and high crystallinity of ZnO. The peaks at 31.78, 34.58, 36.78, 47.78, 56.58, 62.98 and 67.98 2h are associated with the (100), (002), (101), (102), (110), (103) and (112) planes of the ZnO hexagonal wurtzite structure. The diffraction peaks of the W-ZnO are broad, indicating a small crystal size of this sample. The XRD pattern of the W-ZnO catalyst shows that there is no major change in the hexagonal crystal structure of ZnO after the tungsten-doping process. However, it can be indicated that W ?6 ions are uniformly dispersed on ZnO nanoparticles in the form of highly dispersed WO 3 clusters. Meanwhile, the ionic radius of the dopant ion is the most important factor, which strongly influences the ability of the dopant to enter into the ZnO crystal lattice. If the ionic radius of the doping metal ions matches those of the lattice metal ion in oxides, the doping metal ion will substitute itself for the lattice in the doping reactive process (substitutional mode positions [52] . There were no detectable peaks relating to the existence of a separate dopant metal phase in any corresponding pattern. This could be attributed to the fact that the dopant metals/metal oxides were too low in concentration and/or amorphous structure to be seen as a separate phase. The real W content in W-ZnO sample was measured by ICP-OES (Table 1 ). The weight ratio of W/Zn in the W-ZnO nanocomposite was 0.228 %.
Surface area and pore distribution measurements
The surface area of the catalyst is the most important factor influencing catalytic activity. The surface area of W-ZnO nanocomposite was determined using the nitrogen gas adsorption method. The BET surface area of the prepared W-ZnO yielded a relatively high surface area (93.70 m 2 /g).
SEM analysis
The surface morphology and dispersion of the sample were determined by scanning electron microscopy (SEM). Figure 2 shows SEM micrographs of 8 mol% W-ZnO. The image reveals that the particles in this sample have a relatively sphere-like morphology and the nanoparticles were composed of agglomerates of fine W-doped ZnO nanoparticles with particle size \100 nm. The small and uniform size of the prepared reagent can affect its catalytic performance. Figure 3 depicts transmission electron micrograph of 8 mol% W-ZnO. The TEM image of W-ZnO shows that the sample consists of fine particles with diameters\20 nm in size. On the other hand, the size of the W-ZnO nanoparticles was observed as aggregation of fine nanoparticles with average particle size of 10-15 nm (Table 1) .
TEM analysis
Catalytic activity
In recent years a considerable amount of our research program has focused on the development of new methods and use of new reagents for the synthesis of xanthene derivatives [53] [54] [55] [56] [57] [58] . Herein and in continuation of these studies, we wish to report the preparation of % 8 mol W-doped ZnO nanocomposite and its applicability as a new and efficient catalyst in the promotion of the synthesis of 1, 8-dioxo-octahydroxanthenes under mild conditions. After preparation and identification of W-doped ZnO nanocomposite (as reported in the experimental section), its application in the promotion of the synthesis of 1, 8-dioxooctahydroxanthene is studied. To optimize the reaction conditions, the reaction of 4-chlorobenzaldehyde (1 mmol) with dimedone (2 mmol) was studied in different solvents and under solvent-free conditions at different temperatures (Table 2) . Also, the effect of the catalyst load on the model reaction was studied. The results are shown in Fig. 4 . On the basis of the obtained results, it is concluded that the best results can be obtained under the conditions shown in Scheme 1.
To assess the efficiency of W-ZnO in the preparation of 1, 8-dioxo-octahydroxanthenes, various aromatic aldehydes were reacted with 1, 3-cyclohexanedione and/or dimedone under optimal reaction conditions ( Table 3) . These results show that the requested reactions efficiently occurred with excellent yields in very short times (Table 3) . It seems that the electronic nature of the functional group on the ring of the aldehyde exerted a slight influence on the reaction time.
After the above-mentioned studies, we were interested in investigating the applicability of the same method to the preparation of 1, 8-dioxo-octahydroxanthenes from the protected aldehydes (e.g., oximes, semicarbazones and 1,1-diacetates). Our investigations clarified that using this method the best results can be obtained when the reaction was conducted in refluxing ethanol (Scheme 2). Ethanol, r.t. After optimization of the reaction conditions, different types of protected derivatives of aldehydes were efficiently converted to the requested 1, 8-dioxo-octahydroxanthenes under the selected conditions (Table 4 ). All reactions were performed under completely heterogeneous conditions during relatively short times with good to high yields. A plausible mechanism for the synthesis of 1, 8-dioxooctahydroxanthenes catalyzed by W-ZnO is shown in Scheme 3.
Scheme 1 Synthesis of 1, 8-dioxo-octahydroxanthenes
To illustrate the efficiency of the present method, Table 5 compares some of our results obtained from the synthesis of xanthene derivatives with the same results reported by the other research groups. These results indicated that in most cases, the reactions were performed under heated conditions using larger amounts of other catalysts.
It is important to note that the reaction in the presence of Fe 3 O 4 or ZnO-NPs needs larger amounts of catalysts at high temperatures (Table 5 , entries 8-10), while in the present method the reaction is carried out under very mild conditions using few amounts of W-doped ZnO nanocomposite. In addition, to compare the applicability and efficiency of W-ZnO with other catalysts, we have tabulated the TOF (turnover frequency) of these catalysts in this reaction. Clearly, W-ZnO is superior in terms of TOF to the compared catalysts.
According to literature [44] , it can be concluded that the catalytic efficiency of W-ZnO can be attributed to the presence of surface acidity. W/ZnO catalysts exhibit surface acidity due to the presence of Lewis and Bronsted acidic sites related to W 6? species. Thus, the acidic surface of W-ZnO has a higher affinity for reactive species.
Conclusion
In summary, we have introduced W-doped ZnO nanocomposite as a highly efficient nanocatalyst for the promotion of the synthesis of 1, 8-dioxo-octahydroxanthenes under mild and completely heterogeneous reaction conditions. This method has several advantages such as ease of preparation and handling of the catalyst, easy workup and procedure, high reaction rates and excellent yields. Also, and for the first time, different types of protected aldehydes were successfully employed in these types of reactions and the corresponding products were obtained in high to excellent yields. 
